A rich trove of marine geophysical data acquired in the search for missing flight MH370 is yielding knowledge of ocean floor processes at a level of detail rare in the deep ocean.
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/doi/10.1002/2014EO210001/abstract) on 8 March 2014 led to a deep-ocean search effort of unprecedented scale and detail. Between June 2014 and June 2016, geophysical survey teams aboard ships used echo sounding techniques to create state-of-the-art maps of the seafloor topography and profiles of the sediments below the ocean floor in a zone spanning about 279,000 square kilometers of the southeastern Indian Ocean.
(https://eos.org/?attachment_id=69033) Fig. 1 . Satellite-derived gravity field (gray) [Sandwell et al., 2014] and multibeam echo sounder (color) data were used to produce these maps of the MH370 search area in the southeast Indian Ocean. The relief models are shown in Sun-illuminated (shaded relief) mode.
The inset map shows the MH370 search area that was mapped with multibeam echo sounding (shown in red). This map highlights the Southeast Indian Ridge (SEIR) and the Kerguelen Plateau, and it includes estimated spreading rates of the SEIR [Argus et al., 2011] , lines delineating regions of approximately equal age (isochrons [Müller et al., 2008] ), and 2 of 10 interpretations of SEIR segments (I-VII [Small et al., 1999] The curved search swath is 75 to 160 kilometers wide, and it sweeps from northeast to southwest. It centers on Broken Ridge and extends roughly 2500 kilometers from the eastern flank of Batavia Seamount to the Geelvinck Fracture Zone (Figure 1 ). Aircraft debris found along the shores of the western Indian Ocean is consistent with drift modeling that indicates the aircraft entered the sea in the search area (https://www.atsb.gov.au/mh370/).
The data set that emerged from this search effort constitutes the largest high-resolution multibeam echo sounder (http://www.ga.gov.au/about/projects/marine/mh370-bathymetric-survey /mh370-multibeam-sonar) (a type of sonar) mapping effort for the Indian Ocean, covering an area about the size of New Zealand. Previous ocean floor maps in this region had an average spatial resolution (pixel size) of more than 5 square kilometers, but the new maps resolve features smaller than 0.01 square kilometer (an area slightly larger than a soccer field). Crucially, the new data provided the geospatial framework for the last phase of the search (http://www.ga.gov.au/about/projects/marine/mh370-bathymetric-survey), in which search teams deployed deepwater, high-resolution acoustic and optical imaging instruments with the ability to identify aircraft wreckage.
A Sharper Focus on the Ocean Floor
The global ocean covers 71% of Earth's surface, yet the ocean floor remains poorly studied compared to the land surface. In particular, knowledge of ocean floor topography is sparse because light cannot penetrate the deep ocean and acoustic mapping techniques are relatively inefficient in mapping its floor. Most of the ocean floor (85%-90%) has been mapped indirectly using satellite-derived gravity data, which yield a spatial resolution of about 5 kilometers [Weatherall et al., 2015] . By comparison, topographic maps of even the 3 of 10 most remote land areas on Earth resolve features approximately 50 meters across, and topographic maps of the Moon, Mars (https://eos.org/research-spotlights/how-mars-got-its-layerednorth-polar-cap), and Venus resolve 100-meter features [Copley, 2014] .
The high-resolution multibeam echo sounder data set that emerged from this search effort covered an area about the size of New Zealand.
Ship-mounted multibeam echo sounders that use sound waves that echo off the ocean floor provide much finer and more accurate topographic data (https://eos.org/project-updates /new-insights-from-seafloor-mapping-of-a-hawaiian-marine-monument) for the deep ocean floor with a spatial resolution (as distinct from a vertical resolution) of at least 100 m in 5000-meter water depths. However, only 10%-15% of the ocean basins have been mapped using multibeam echo sounders [Weatherall et al., 2015] .
This technique also records acoustic backscatter from the ocean floor, which can be used to distinguish between hard rock and soft sediment. Such fundamental spatial information is essential for characterizing the physical features of the ocean floor, for making inferences on geological and oceanographic processes, and for identifying the habitats of species that live on the ocean floor.
A Complex Region
Beyond the continental margins, toward the open sea, the floor of the Indian Ocean is a complex mosaic of normal oceanic crust (not associated with hot spots and other anomalies), submarine plateaus and ridges, seamounts (https://eos.org/project-updates/a-namedirectory-for-the-ocean-floor), sea knolls, and microcontinents. Various processes, including seafloor spreading (including ridge jumps (http://www.nongnu.org/magellan /magellan_ridgejump.html)), flood and hot spot magmatism, and tectonism, produce a variety of features.
Only 10%-15% of the ocean basins have been mapped using multibeam echo sounders.
The MH370 search area includes all of the major elements of the mosaic, and it lies in water depths between 635 and 6300 meters (Figure 1 Here we highlight three examples from this shipboard multibeam echo sounder data set that are helping to illuminate the geologic development of this portion of the Indian Ocean.
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Submarine Plateau Rifting and Breakup
Broken Ridge and the Kerguelen Plateau formed mostly as a contiguous large igneous province (http://www.largeigneousprovinces.org/) in Cretaceous time (http://www.ucmp.berkeley.edu /mesozoic/cretaceous/cretaceous.php) [Coffin et al., 2000] . They subsequently experienced rifting and were eventually separated by seafloor spreading along the Southeast Indian Ridge (SEIR) 43 million years ago [Mutter and Cande, 1983] .
The southern flank of Broken Ridge, known as the Diamantina Escarpment, documents the rifting, plunging more than 5100 meters from its crest (638 meters of water depth) into a deep trough (5800 meters of water depth). This rifted flank includes escarpments kilometers. High backscatter intensity and angular morphology indicate that bedrock is exposed in a few places at and near the top of the ridge and on the flank down to depths of about 1350 meters. Parallel WSW-ENE lineations on some scarps, extending to water depths of about 2400 meters, most likely represent exposed steeply dipping bedding planes. Mass wasting, a downslope movement of loose rocks and sediment during and after the rifting process, has incised the escarpment, and significant sediment has accumulated in the grabens and at the bottom of the Diamantina Trench (see Figure 1 for location).
The new multibeam echo sounder data, integrated with preexisting seismic reflection and drilling data, illuminate exposed igneous basement rock, prerift sedimentary sections, and overlying sediment that accumulated on the ocean floor during (hemipelagic sediment) and after (pelagic sediment) rifting.
The morphology and seismic stratigraphy of the Diamantina Escarpment indicate that the mode of rifting resembled an orthogonal rift model, in which faults develop parallel to the axis of spreading. Between the faults, a series of elongated blocks of crustal material, grabens, steps down into a deep trough and abuts the spreading ridge volcanics [Karner and Driscoll, 1993] .
Seafloor Erosion
North of its rifted southern flank, Broken Ridge generally has subtle relief, with igneous basement rocks overlain by sedimentary rock and pelagic sediment [e.g., Coffin et al., 2000] . In places, slides and debris flows have reworked sediment downslope.
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Tectonic Spreading Fabric
South of Broken Ridge, normal oceanic crust of the Australian-Antarctic Basin has formed along the SEIR at intermediate spreading rates of 59-75 millimeters per year [Small et al., 1999; Müller et al., 2008] . The shipboard multibeam echo sounder data swath traverses a region of crust north of the SEIR that is some 10 to 40 million years old, obliquely cutting across tectonic seafloor spreading fabric consisting of elongated abyssal ridges and fracture 7 of 10 zones (Figure 1 ).
Oceanic crust in this region, which lies in water depths of 2200 to 5000 meters, is characterized by SEIR and paleo-SEIR segments some 200 to 500 kilometers long ( Figure   1 ) [Small et al., 1999] Discontinuities along the paleo-SEIR not associated with transform faults and more than 150 sea knolls and seamounts are also common (Figure 4 ). Volcanoes occur in isolation and in chains, forming semiconcentric structures, some as high as 1500 meters, with diameters of about 500 meters to more than 15 kilometers and slopes of about 10° to 30°.
Gaining Useful Knowledge from a Tragic Event
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The new data highlight the topographic complexity of the ocean floor and provided a framework for deploying deepwater instruments in the search for MH370 wreckage.
The new multibeam echo sounder data highlight the topographic complexity of the ocean floor and provided a framework for deploying deepwater instruments in the search for MH370 wreckage. The data also revealed details of the tectonic, sedimentary, and volcanic processes that formed this region of the ocean. This effort demonstrates the breadth and depth of knowledge that will be gained as the remaining 85% to 90% of the global ocean is mapped at similar resolution.
